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Research  under  the  purview  of  Contract  ONR  N6  225(46)  has  two  general 
directions.  (1)  the  study  of  the  mode  of  action  of  protein  toxins,  and  (2) 
the  study  of  the  mechanism  of  anaphylaxis,  particularly  with  respect  to  the 
process  of  sensitization.  Under  each  heading  we  are  prosecuting  several 
distinct  problems  which  have  been  selected  both  for  the  theoretical  implications 
in  inanu.'iochetnistry  and  biochemistry  as  well  as  their  practical  applications  to 
human  ecology  and  disease. 

The  following  is  an  outline  of  the  specific  problems  pursued  this  year: 

1.  TOXINS 

A.  Tetanus :  In  previous  reports  there  have  been  presented  detailed 
accounts  of  the  isolation  and  characterization  of  the  non-spasmogenic 
factor  in  tetanus  toxin  which  produces  an  increased  discharge  cf 
miniature  end  plate  potentials.  This  material  had  been  isolated  in 
small  quantities  as  a  single  antigen,  and  sufficient  material  was 
available  to  carry  out  determinationa  of  molecular  weight  and  a 
tentative  amino  acid  analysis.  This  year  we  concentrated  our  efforts 
at  improving  the  yield  so  that  sufficient  material  could  be  available 
for  physical-chemical  and  biochemical  characterization.  Ultra- 
centrifugal  analyses  of  the  best  fraction  available  last  year  showed 
the  lethal  fraction  to  have  a  Svedberg  coefficient  of  7  whereas  the 
most  potent  MEPP-fraction  was  associated  with  4 S  particles.  This 
year,  further  preparative  chromatographic  separations  were  made  on 
the  MEPP-rich  starting  material  (Fraction  IV) .  Chromatography 

on  Sephadex  G-20C  gave  3  major  peaks.  The  yields  of  repeated  runs 
were  separately  pooled  on  the  basis  of  elution  diagrams  and  each 
pool  was  concentrated  by  pressure-dialys±6.  No  appreciable  MEPP 
activity  was  found  in  the  first  2  peaks;  it  appeared  to  be  concen¬ 
trated  in  Peak  III,  which  had  no  lethal  activity.  This  peak  had  only 
one  antigenic  determinant  and  gave  a  Svedberg  coefficient  of  2;  but 
all  of  the  lethal  toxicity  of  the  parent  was  quantitatively  recovered 
in  Peaks  I  and  II  which  contained  5 S  and  4 S  molecules,  respectively. 
The  MEPP  material  accounted  for  only  7%  of  the  total  protein  of  the 
starting  material. 

B.  Streptolysin:  Studies  on  the  mode  of  cardiotoxic  action  of 

Streptolysin  0  have  shewn  that  there  is  a  double  insult  to  the  heart, 
one  of  these  is  reversible,  and  is  due  largely  to  the  output  of 
acetylcholine,  while  the  other  appears  to  be  more  severe  and  seems 

to  result  from  profound  changes  In  cellular  economy  as  exhibited  in 
recent  studies  of  the  release  of  K1*2. 

In  appropriate  concentrations  the  activated  toxin  causes  a 
transient  decrease  in  the  rate  and  amplitude  of  contraction  of  the 
isolated  atrium  accompanied  by  an  increase  in  the  rate,  of  repolariz¬ 
ation  of  the  atrial  action  potential.  The  severity  of  the  effects 
depend  upon  the  dose  of  toxin,  and  their  magnitude  decreases  with 
succeeding  challenges,  suggesting  thet  Streptolysin  D  mey  exert  its 
action  on  the  isolated  atria  through  the  release  cf  ar.  intermediate 
from  tissue  stores.  This  year,  detailed  studies  of  the  mode  cf 
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cardiotoxic  action  suggested  that  the  curonotropic  and  inotropic 
changes  exhibited  by  the  isolated  atria  when  they  wore  challenged 
either  in  the  presence  of  a  blocking  agent  (atropine)  or  ir. 
the  presence  cf  anti-cholinesterases  (eserine  or  DFP)  were  due  to 
the  release  of  acetyl  holine.  The  electrical  changes  in  single 
atrial  cells  -  increased  resting  potential,  accelerated 
repolari zation,  as  well  as  the  generally  negative  results  observed 
during  ventricular  impalements  -  were  consistent  with  the  acetylcholine 
hypothesis.  In  spite  of  the  presence  of  powerful  tissue  cholinesterase,' 
sufficient  quantities  of  material  were  obtained  by  incubating  large 
numbers  of  challenged  atria  with  toxin  to  render  pharmacological 
identification  of  Ach  unequivocal. 

C.  Sea  Urchin  Toxin:  Th •  crude  pediceltarial  toxin  of  Tripneuetec 

gratilla.  obtained  from  1,000  specimens  in  191.6  and  2,000  specimens 
during  1967  was  variously  fractionated,  and  the  fractions  further 
purified  by  chromatography  on  Sepbadex.  The  enzymological  properties 
of  these  ma'  ‘rials  were  studied  with  respect  to  toxin  concentration, 
substrate  concentration,  and  temperature.  The  kinetics  of  the  reaction 
system  with  respect  to  whole  pla9tne  and  to  its  pseudoglobulin  fractions 
are  of  a  coup lex  order  owing  to  (1)  "natural"  kinin  formation  of 
the  substrata,  (2)  tc  the  inactivation  of  the  reaction  product 
(and  of  synthetic  bradykinin)  by  the  toxin,  and  (3)  to  the  existence 
of  more  than  one  enzyme  in  the  "purified"  material.  Plots  of  first 
order  velocity  constants  against  the  square  of  substrate  concentration 
were  linear  suggesting  the  existence  of  substrate  "modifiers".  The 
dependence  of  reaction  velocity  on  enzyme  concentration  was  not  of 
the  classical  type.  The  temperature  optimum  of  the  system  was  26°C. 

A  study  of  the  reactions  of  various  Cohn  fractions  with  more  purified 
enzymes  suggested  that  the  substrate  furnishing  the  kinin  activity 
on  guinea  pig  tissues  was  a2~globulin  and  conclusive  proof  was 
obtained  in  studies  with  immunoelectrcphoretically  pure  a2-macroglobullr 
Parallel  assays  on  guinea  pig  and  rat  tissues  suggested  that  the 
substrate  responsible  for  the  oxytocic  effect  in  the  rat,  on  the  other 
hand,  is  a  B-globulln.  Rabbit  antibodies,  produced  in  response  to 
inoculations  of  formalin-toxoids  in  Freund's  adjuvant,  gave  normal 
quantitative  pracipitin  curves  with  "active"  antigens  (or  toxoids) 
and  they  fixed  complement.  Immunoelectrophoresis  shoved  2  major 
antigens,  the  more  immunogenic  being  concentrated  in  the  2/3  SAS 
fraction  while  the  other  was  present  among  the  1/3  SAS  materials. 

Sic  logically,  the  antisera  showed  quantitative  antitoxic  action  in 
the  ur.ual  protection  and  neutralization  tests  in  whole  animals  as 
well  os  on  isolated  tissues.  Toxin-induced  inhibition  of  active  Ha 
transport  in  the  toad  bladder  was  also  neutralized  by  the  antitoxin. 

II.  AKAPHYLAXIf. 

1.  Ragweed :  Evidence  was  obtained  that  rabbit  anti-ragweed  conferred 
passive  sensitivity  on  cardiac  and  intestinal  tissues  of  the  guinea 
pig.  The  degree  of  sensitization,  estimated  by  histamine  release,  was 
shown  to  depend  on  the  [AR]  in  the  bulk  phase.  For  a  constant  degree 
of  sensitization  the  response  to  the  whole  antigen  could  be  quantitat¬ 
ively  inhibited  by  the  presence  of  a  dialyzable  ragweed  hapten 
during  challenge  with  the  non-dialyzable  antigen. 

2.  Penicillin:  Positive  Cchultz-Dale  reactions  were  obtained  to 

penicilloyl  poly-lysir.e  in  isolated  guinea  pig  tissues  sensitized  with 
rabbit  antibodies  to  penlcilloy 1-rabbit  scrum  albumin  (anti-Pen  RSA) 
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and  to  penicilloyl  Rabbit  yglobulin  (anti-Pen  RyG) ,  The  reaction 
could  be  quantitatively  blocked  by  s-aminocaproic  acid  and  by  the 
penicilloyl  derivative  o£  the  condensation  product  between  DAB 
(1,  4-diaminobuiane)  and  fluorescein  isothyocyanate.  The  eventual 
aim  of  these  studies  is  to  set  conditions  for  the  determination  of 
the  kinetic  behavior,  binding  affinities,  and  heterogeneity  constants 
of  "allergic"  antibodies  to  penicillin  by  measurements  of  fluorescence 
polarization. 

3.  Fc  Fragmejii ig  1  Quantitative  reversed  passive  sensitization  with  F 
fragments  of  rabbit  y-globulin  was  demonstrated  in  the  in  vitro- 
sensitized  heart  challenged  with  ovine  antiserum  prepared  against 
these  fragments.  The  concentration  of  Fc  fragments  required  to 
produce  50%  sensitization  was  found  to  be  0.07  mg/ml  and  the 
liminal  concentration  was  3  x  10~4  mg/ml. 


The  following  progress  Reports  contain  detailed  accounts  of 
work  on  Sea  Urchin  Toxin  and  on  Ragweed.  It  is  expected  that 
similar  details  for  Streptolysin  and  Tetanus  will  be  presented 
shortly  as  soon  as  the  experiments  now  in  progress  have  been 
completed. 


PART  I 


INTRODUCTION 


The  present  report  deals  principally  with  certain  aspects  of  the 
physical-chemical,  pharmacological,  and  immunochemical  characteristics 
of  the  protein  venom  of  the  sea  urchin,  Tripneustee  gratilla  as  well  as 
with  accomplishments  in  two  specific  areas  in  which  Its  point  of  attack 
was  experimentally  restricted:  its  action  as  an  enzyme,  and  its  effectiveness 
in  producing  changes  in  active  transport. 

I.  EXPLORATION 


During  the  summer  of  1966  Dr.  Feigen  and  Dr.  Torres  made 
several  exploratory  field  trips  to  the  Pacific  coaat  between  Half-Moon  Bay, 
on  the  north,  to  Santa  Barbara  in  the  South.  The  northern  collections, 
made  at  Half-Moon  Bay.  Pigeon  Point,  and  Pacific  Grove  yielded  only 
S.  purpuratus  and  •?.  fmnaiaoanue.  Fifty  specimens  of  each  were 
collected  by  diving  at  depths  of  10-20  feet  at  Pigeon  Point;  thirty  specimens 
of  S.  pmp'iiratue  were  collected  off  the  rocks  at  low  tide  at  Half-Moon  Bay, 
on  the  extreme  seaward  limit,  virtually  none  was  got  at  Pacific  Grove 
because  of  the  great  number  of  collectors  using  these  materials  in  that 
area;  and  fifty  specimens  of  each  were  obtained  in  deep  water  around 
Santa  Barbara,  ae  well  as  a  few  specimens  of  Lytechinus  arnmeaua.  We 
are  indebted  to  the  Director  of  the  Marine  Laboratory  at  U.C.S.B., 

Professor  John  E.  Cushing,  for  this  courtesy.  Neither  purpuratue  nor 
franmectmUB  was  found  to  have  extractable  venom.  Lytochinue  ancmeeua 
was  tentatively  identified,  on  the  basis  of  pharmacological  tests,  as 
being  acetylcholine  or  a  kindred  cholinergic  substance. 


p  ^r°wgl)  the  COurteay  of  Professor  T.  A.  Rogers,  Director  of  the 

Pacific  Bio-Medical  Research  Institute  of  the  University  of  Hawaii, 

Dr.  Feigen  and  Dr.  Terres  spent  three  weeks  of  September  1966  at  the 
University  Aquarium  in  Honolulu.  That  laboratory  served  as  a  base  of 
operations  for  collecting,  processing  and  concentrating  venom.  With 

off  Wsikiki^Beach^n^r flve,divln8  expeditions  beyond  the  reef 

Aquarium's  laboratory.  The  crUdTpISIiTlS  ^gr^T^erSl 

SSh™' “svjsris:  “  333  “s»  *•>«  *■*««  » ■ 


vo&niiAL 

deration  of  Crude  Pedlcellarial  Proteins  of  T.  gyaUlla 
Protocol^rmCoUecUonX5rti0a  ““  Prepar*tion  is  the  following 

from  the^d1:^1^^^;  Reef?  ^  °f  3°  feet 

section  of  a  line  drawn  between  Diamond  Head  end^Lalo'BLin^anlTthat6* 
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The  number  of  specimens  collected  was  359.  The  specimens  were  proceeded 
in  batches  of  16  by  being  placed  in  a  frame  ar.d  washed  with  a  strong  sea 
water  spray.  Larger  material  was  retained  by  a  fiber-glass  screen  and  the 
pedicellariae  were  caught  in  a  stainless  steel  sieve  having  interstices  of 
125  microns.  The  contents  of  the  screen  were  transferred  to  500  ml  cylinders 
and  the  pedicellariae  separated  from  the  detritus  by  eiutriation  with  sea 
water.  The  elutriated  pedicellariae  were  washed  with  sea  water  until  the 
washings  became  colorless . 

1.  The  residues  of  pedicellariae  were  collected  and  centrifuged 
for  30  minutes  at  500  rpm.  The  yield  was  55  ml  of  a  gammy 
pec's.  The  total  yield  was  homogenized  in  a  Waring  Blendor 
at  4°C  with  260  wl  of  distilled  water. 

2.  The  homogenate  was  centrifuged  as  shove.  The  first  supemate 
was  removed  and  re-centrifuged  at  ID4  rpm  for  2  hours  at  4°C. 

3.  The  clear  suoernate  was  dialyzed  against  phosphate  buffer, 

(p  -  1/60)  for  20  hours  at  2°C. 

4.  The  residue  of  (2)  was  re-extracted  with  200  ml  of  ice-cold 
water,  centrifuged  and  dialyzed  as  in  (3) 

5.  The  non-dialyzable  extracts  were  dried  from  the  frozen  state. 

The  dialyzates  were  frozen  and  shipped  to  Stanford,  where 
they  were  pooled,  redialyzed,  lyophilized,  and  tested. 

6.  The  yield  of  non-dialyzable  material  from  359  animals  for  the 
first  and  second  extractions  is  given  in  Table  Z. 

7.  The  yields  as  well  as  certain  physical-chemical  and  pharmacologic 
properties  of  both  the  dialyzable  and  non-dialyzable  crude 
extracts  of  the  1966  toxin  are  given  in  Table  II. 

Fractionation  of  Crude  Toxin  on  Seohadex 

Our  previous  studies  had  established  that  the  most  toxic  fraction 
which  could  be  obtained  by  separation  with  ammonium  sulfate  was  the  one 
precipitating  in  the  presence  of  65X  salt  eaturation.  In  the  present  caoe 
a  fractionation  was  attempted  (by  Dr.  C.  B.  Alender)  on  Sephadex  with  the 
entire  yield  of  whole  extract  of  65  pedicellariae.  The  method  of  preparation 
is  exhibited  in  the  flow  sheet  of  Table  III. 

Three  peaks  were  obtained  and  each  fraction  v;aa  precipitated  with  the 
solid  ammonium  sulfate,  dialyzed,  and  Fractions  I  and  II  were  tested.  The 
toxicity  of  Fraction  III  was  so  low  as  to  be  beyond  the  stocks  of  the  mat¬ 
erial  available  and  at  735  LDso/mg  was  as  active  a  preparation  as  hod  been 
obtained  in  our  experience.  Some  of  the  characteristics  of  these  fractions 
ere  given  in  Table  IV. 
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l3olation  of  the  Test  Proteins  of  5 .  Dumuratue  bv  Ammonium  Sulfate  Fractionation 

This  study  was  undertaken  to  characterize  the  various  protein  components 
of  the  tests  of  $.  purpvratue  for  use  in  subsequent  investigations  of 
Immunochemical  kinship.  The  present  separations  were  made  on  the  sea  water 
homogenates  of  50  eviscerated  specimens  obtained  in  Santa  Barbara.  Ammonium 
suliate  fractions  were  prepared  in  the  usual  way  be  sequential  precipitation 
with  solt  and  removal  of  material  at  each  interval.  As  indicated  in  Table  V, 
the  major  bulk  of  precipitate  was  obtained  in  the  presence  of  50%  saturation. 

The  materials  to  be  used  for  subsequent  antigei  tc  analysis  were 
characterized  by  analytical  ultracentrifugation,  aa  these  fractions  corres¬ 
ponded  in  physical  properties  to  the  toxins  of  T.  gratilla.  From  Table  V 
it  is  evident  that  the  fraction  precipitating  at  2/3  saturation  contained 
most  of  the  components  of  the  crude  material.  The  number  of  components  was 
greatly  reduced  as  the  fractionation  proceeded.  None  of  the  meterials 
tested  was  toxic  to  mice  and  none  had  an  effect  on  the  Isolated  tissues 
of  the  guinea  pig. 


III.  PHARMACOLOGICAL 

A  detailed  pharmacological  analysis  of  the  action  of  sea  urchin 
toxin  has  just  been  published  from  this  laboratory  by  Feigen,  Sanz,  and 
Alender,  [Toxioon,  4: 161-175,  (1966)].  Some  of  the  pertinent  findings  are 
summarized  in  the  succeeding  paragraphs. 

Direct  tests  with  crude  non-dialyzable  preparations  of  sea  urchin 
toxin  as  well  as  with  the  fractions  prepared  by  ammonium  sulfate  precipitation 
induced  prolonged  contractions  of  the  isolated  guinea  pig's  ileum  in 
proportion  to  the  dose  used.  The  response  was  not  blocked  with  atropine, 
only  partially  blocked  with  Pyribenzanine ,  blocked  with  various  degrees  with 
D-bromolysergic  acid  and  Mellaril,  and  completely  blocked  with  phenyl-butazone. 

Direct  Actions :  Since  the  direct  exposure  of  gut  strips  to 
toxin  preparations  often  changed  the  tissues’  sensitivity  to  histamine,  studies 
of  the  dose-response  characteristics  had  to  be  made  by  exposing  each  strip 
only  once  to  a  given  concentration  of  the  toxin.  The  dose-response  curve, 
obtained  by  pooling  the  data  over  a  range  of  concentrations,  obeyed  the 
usual  logistic  function,  and  this  could  be  employed  reliably  to  assess 
changes  in  potency  resulting  from  various  physical  and  chemical  treatments. 
Gentle  heating  of  toxin  reduced  the  magnitude  and  the  slope  of  the  dose-response 
curve,  showing  that  the  incubation  of  toxin  for  a  constant  time  was  inversely 
dependent  on  its  concentration;  carbon  treatment  decreased  the  median 
effective  dose  but  increased  the  heterogeneity  of  the  response,  and  treatment 
with  acanonium  sulfate  as  seen  In  Table  VI,  concentrated  most  of  the  activity 
of  the  Starting  material  in  the  fraction  precipitating  in  the  presence  of 
65  per  cent  saturated  salt  solution.  The  toxin  was  shown  to  release 
dialy table  pharmacologically  active  agents  from  ileal,  pulmonary,  and  cardiac 
t  ssues  of  the  guinea  pig  as  well  as  from  colonic  and  pulmonary  preparations 
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B.  Release  of  Active  Materials:  Preliminary  teats  excluded 
acetylcholine  but  suggested  that  histamine,  as  well  as  several  other  substances, 
could  be  released  by  the  reaction.  Subsequent  specific  chemical  analyses 
confirmed  the  presence  of  histamine. 

The  release  of  histamine  by  the  isolated  tissues  was  shown  to  be 
quantitatively  dependent  upon  the  toxin  concentration  (Table  VII) ,  and  the 
temperature  (Table  VIII) .  Although  none  of  the  fractions  was  as  potent  as 
the  parent  material,  the  preparation  obtained  in  the  presence  of  65  per  cent 
saturated  ammonium  sulfate  was  the  most  potent  histamine  releaser  among 
the  fractions,  being  only  slightly  less  active  than  the  starting  material. 

IV.  IMMUNOCHEMICAL 


Studies  on  the  immunochemical  properties  of  sea  urchin  toxin  were 
initiated  by  the  inoculation  of  5  mg  amounts  of  sea  urchin  toxin  preparations, 
mixed  with  complete  Freund's  adjuvant  intramuscularly  into  rabbits.  The 
injection  sites  rapidly  ulcerated  and  the  animals  shortly  died  from  the 
toxic  effects  of  the  preparations.  Iaanunlzatlon  was  then  made  with  a  crude 
preparation  of  (SUT(64) ]  which  had  been  toxoided  with  0.01%  formaldehyde. 
Intramuscular  injections  were  made  with  1  mg  amounts  of  [SUT(64)]  in 
complete  Freund's  adjuvant  and  the  animals  showed  no  ill  effects.  Two 
weeks  later  the  rabbits  were  bled  and  the  sera  showed  positive  ring  tests 
when  tested  against  (SUT(61)].  Immunoelectrophoresis  showed  that  a  single 
precipitin  line  was  formed  between  [SUT(61)J  and  the  antiserum  prepared 
against  [SUT(64)].  The  mobility  of  the  antigenic  determinant  had  the 
character  of  that  of  serum  a-globulin,  migrating  towards  the  anode  from  the 
central  agar  well.  Complement  fixation  tests,  performed  on  the  toxin-antitoxin 
system,  showed  that  (SUT(61)]  fixed  complement  at  a  concentration  of  0.01  mg/ml 
when  tested  with  the  antiserum  at  a  1/4  dilution. 

In  finding  that  antibodies  could  be  produced  against  the  toxoid  of 
(SUT(64) J ,  further  studies  were  made  in  an  attempt  to  isolate  the  responsible 
antigen  from  the  crude  SUT  Preparations.  SUT(64-2)  was  fractionated  at  33, 

65  and  100%  saturated  ammonium  sulfate  and  the  dialyzed  products  were 
toxoided  and  injected  into  rabbits  in  the  same  manner  as  in  the  previous 
experiments;  crude  SUT-66  was  also  injected  in  this  way. 

The  respective  sera  were  harvested,  and  each  homologous  toxoid  and  anti- 
toxoid  serum  showed  positive  ring  tests.  Moreover,  the  crude  toxin  (SUT-1966] 
showed  positive  ring  tests  with  the  sera  prepared  against  33,  65,  and  100% 
saturated  ammonium  sulfate  fractions  of  64-2  as  well  as  against  its  homologous 
antiserum.  Immunoelectrophoresis  experiments  using  crude  SUT-66  against  its 
homologous  antiserum  and  the  ammonium  sulfate  fractions  of  64-2  showed  that 
a  single  line  was  formed  in  each  instance,  the  character  of  the  line  beine 
the  same  as  that  seen  in  SUT-1961. 

«  „  Further  experiments,  using  sea  urchin  protein  from  S.  purpuratue ,  shoved 
that  antiserum  produced  against  the  100%  as  fraction  of  [SUT(64-2)]cross- 
reacted  with  the  S .  purpuratue  protein. 


i 
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V.  BIOCHEMICAL 


On  the  basis  of  the  preceding  pharmacological  work  It  was  Inferred 
that  several  substances  were  released  in  addition  to  histamine.  On  the  basis 
of  the  results  given  in  Table  IX  It  was  suspected  that  serotonin  as  well  as 
a  dialy sable  kinln  might  be  released. 

A  test  of  the  ability  of  sea  urchin  toxin  to  act  aa  an  enzyme  was 
made  with  beef  serum,  bovine  serum  albumin,  and  bovine  Y-globulin  as 
substrates.  Although  positive  reactions  were  obtained  with  the  dialyzates 
obtained  from  the  beef  serum  system,  the  other  two  substrates  yielded  no 
active  dialy cable  material.  Tests  were  next  made  to  determine  whether 
the  behavior  of  the  system  was  normal  with  respect  to  the  influence  of 
substrate  concentration  on  velocity  by  estimating  first  order  time-courses 
for  each  category  of  substrate  concentration.  The  results  given  in  Table  X 
show  that  the  first  order  velocity  constants  form  a  sigmoidal  curve  against 
concentration. 

The  existence  of  a  sigmoidal  function  in  that  regard  suggested  that 
the  reagents  were  probably  both  impure.  Since  plasma  kinins  -  bradyklnln 
in  particular  -  are  formed  from  the  enzymatic  attack  of  the  enzyme  upon 
02  -globulins  it  was  considered  useful  to  test  several  plasma  fractions 
containing  varying  concentrations  of  o2  and  e-globulins.  Cohn  Fractions 
III-O  and  IV- 1  were  obtained  through  the  courtesy  of  Mr.  Kingdon  Lou  of 
the  Hyland  Laboratories  in  Los  Angeles.  They  were  extracted  with  saline, 
centrifuged,  and  adjusted  to  a  protein  concentration  of  5  mg/ml. 

Separate  ampoules  of  the  material  were  frozen  and  thawed  only  once  before 
experimental  use.  Fraction  III-O  contained  5*  c-globulin  and  84%  8-globulin 
while  Fraction  IV-1  contained  89%  o-globulln  and  10%  6-globulin. 

**parimant8  WCr€  flt6t  Bad®  t0  deter“ine  the  substrate 
^  i  “*  n0rmal  b6ef  8eru“  at  2  enzyme  concentrations 

of  [SUT(64-2)  65  as].  Teste  were  made  on  the  guinea  pig  ileum  and  rat 

ln  8e“«al  “ore  Bradyklnln- like  activity  was  elaborated  by  Fraction 
III-O  than  by  Fraction  IV-1,  with  respect  to  the  guinea  pig's  ileii  although 
it  was  about  the  same  for  rat  uterus  (Table  XI) .  8 

of  SUT  concentration  on  kinin  production  by  the  attack 

°5-  111-0  wa8  8tudle<i  wlth  respect  to  the  activities  of  guinea 

ia8*1™  T  d  rat  uterus.  The  results  given  in  Table  XII  show  that  SUT 
“0re  ®ffective  enEy®e  for  a  aubetrate  in  the  mixture  which  is 
effective  on  guinea  pig  ileum.  The  effect  of  varying  the  substrate 
concentration  (III-O)  is  shown  in  Table  XIII. 

A  comparison  was  next  made  between  III-O  and  IV-1  at  such  substrata 
.ni  eneym,  concentration  at  ohlch  the  reepectlv.  r.eotlone  voulfb! 

ther*  difference,  L. o“  w 

Tr*  “• th« 

in  the  case  of  III-O  than  of  IV-1  P  8  ““  tC8t  waa  about  4  tlmes  greater 
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Finally,  the  two  Impure  substrate  preparations  were  tested  In  such 
a  way  that  there  was  a  constant  amount  of  a2-  and  6-globulln,  by  adjusting 
the  concentration  with  respect  to  the  percentage  composition  of  the  two 
individuals,  as  given  earlier.  Table  XV  shows  that  when  6-globulin  was 
constant  the  same  amount  of  kinln  was  produced  with  respect  to  guinea  pig 
ileum.  In  the  case  of  the  rat  uterus  none  was  produced  by  Fraction  Ill, 
leading  to  the  conclusion  that  6-globulin  is  not  a  substrate  fo*-  the  production 
of  the  "rat"  kinln  but  is  useful  in  the  production  of  "guinea  *  .g"  kinln. 

When  a  was  constant  more  activity  was  evident  in  both  cases  but  it  was 
greater  for  both  assays  in  the  case  of  1II-0  which  had  a  higher  a  content. 

VI.  PHYSIOLOGICAL 

Active  Transport 


f 


The  effect  of  the  most  active  fraction  of  purified  sea  urchin  toxin 
[SUT(64-2)  65  as]  on  the  sodium  pump  was  tested  on  the  toad  ( Bufo  mavinue) 
urinary  bladder.  The  bladder  was  mounted  as  a  diaphragm  in  the  Usaing 
apparatus,  and  the  transmembrane  and  the  short  circuit  currents  were 
measured  before  and  after  the  addition  of  the  toxin.  To  date  the  following 
points  have  been  established: 


1*  The  addition  of  toxin  to  the  serosal  side  of  the  membrane 

results  in  an  immediate  drop  in  both  the  transmembrane  potential 
and  the  short  circuit  current .  The  magnitude  of  the  drop  is 
approximately  the  same  in  both  cases,  i.e.  about  50Z.  The  effect 
is  transient  with  recovery  occurring  within  10  to  20  minutes. 


Addition  of  the  toxin  to  the  mucosal  surface  has  no  effect. 


3. 


A. 


5. 


This  effect  can  be  abolished  by  heat-denaturation  of  the  toxin 
(1  hr.  at  55”C) 

This  effect  is  not  potentiated  by  preincubation  of  the  toxin 
with  normal  rabbit  serum. 

This  effect  is  not  due  to  the  release  of  acetylcholine,  serotonin, 
or  histamine.  These  drugs,  when  tested  on  the  urinary  bladder, 
did  not  have  a  noticeable  effect. 


»  . . . . . . . . . 


TABLE  I 

Yield  of  Hon-Dialv table  Material  Purina  First  and  Second  Extractions 


Category 

Volume 

ml 

Met  Weight 

8 

Total  First  Yield 
(less  phosphate) 

8 

Hon-dialy sable 

1st  Extract 

225 

0.964 

1.11 

material 

2nd  Extract 

200 

0.476 
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TABLE  II 


Summary  of  Characterisation  of  Sea  Urchin  Toxin  Preparation  Collection  of 

September.  1966. 


Total  Specimens 

Total  organic  material 

Pinal  Yields 

Total 

1050 

2.950  g 

Per  Specimen 

2.77  mg 

Non  dialyxable  matter 

1.200  g 

1.14  g 

Dialyzable  matter 

1.705  g 

1.62  mg 

CHARACTERIZATION 

Non-dialvzable 

Dialyzable 

Nitrogen 

Total  N  (per  mg) 

0.66 

0.07 

Preclpitable  N  (per  mg) 

0.0456 

none 

Spectrophotometry 

Peaks 

278 

270 

278  320 

OD/mg.ml”1 

2.14 

0.460  1.70 

Ultracentrifuaation 

S20 

2.2  7.5 

none 

Bioaaeav 

LD50 

0,151  ug/gm 

400  ug/g 

Guinea  pig  gut. 

1.60  x  10"3 

mg/ml 

0.50  mg/ml 

Guinea  pig  heart 

1.70  x  10' 3 

mg/ml 

0.23  mg/ml 

Rat  uterus 

not  done 

0.20  mg/ml 

TABLE  III 


Bag£&gBt£j SSL  2l  Cnrtm  Ss±  Urchin  Toxin 


Pedicellariae 
(vol.  -19.5  ml) 


[Repeat  2XJ 


Deionized  H£0  (60  ml) 
Homogenize ,  5  ftin. 
Centrifuge,  IS  min.  10,000  g 


l- .  — 

Precipitate 

| 

Dried 

I 

1.4147  g 


I - 

Precipitate 

0.25  M  NaCl 

Dialysis ,  0.25  M  NaCl 
72  hrs. 

Centrifuge,  15  min., 

10,000  g 


c  '  1  i 

Supernatant  (325  ml) 

100X  saturated  ammonium  sulfate 
Centrifuge,  15  min. 

10,000  g. 

Supernatant 

Discard 


1 - 

Precipitate 

Discard 


- 1 

Supernatant  (50  ml) 

Sephadex  G-200 

0.25  M  NaCl 

(25  ml. /column)  x  2 

Fractions  comprising  each  peak  combined  from  two 


runa.  Material  from  each  peak  precipitated  out  with  solid 
ammonium  sulfate.  Each  precipitate  taken  up  in 
0.25  M  NaCl.  Peaks  I  and  II  dialysed  against  saline- 
phosphate  buffer,  p  ■  0.01,  pH  -  7.00.  Peak  III 
against  Deionized  H,0  72  hr.  in  each  case. 

I  * 


Freeze  dried. 
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TABLE  IV 


TABLE  V 


Material  Balance  of  5.  purpura tua  Teat  Proteina 
Precipitated  with  Ammonium  Sulfate 


Fraction 
SAS  (X) 


Total  Protein  Percentile  Distribution 

Precipitated  of  Protein  Precipitated 

mg  (X) 


Sedimentation 

Constants 

S20 


0 

900 

3,  21,  36 

25 

76.0 

15.38 

33 

97.0 

19.64 

50 

154.5 

31.28 

67 

61.0 

12.35 

3,  12,  23,  35 

75 

50.4 

10.20 

2,  25 

100 

55.0 

11.40 

Total  Recovery  439.9  mg 

Per  Cent  Recovery  55% 

— 

Starting  Material 
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TABLE  VI 

Effect  of  Ammonium  Sulfate  Fractionation  on  Pharmacological  Potency  of 
Sea  Urchin  Toxin  Assayed  on  Guinea  Pig  Ileum 


Preparation 

No.  of 

t 

Histamine 

Median  Effective 

U)50 

Tissues 

SUT  Cone. 

Equivalent 

Dose  of  SUT 

(mg  N) 

(mg  N/ml) 

(moles /l) 

(mg  N/ml) 

SUT(64) 

2 

1.86  x 

10"** 

2.0  x  10“ 7 

6.8  x  10“4 

2.06  x  10“4 

2 

3.71  x 

10~4 

2.4  x  10" 7 

2 

7.42  x 

10“  4 

3.6  x  10" 7 

2 

1.49  x 

10"  3 

6.4  x  10" 7 

2 

2. 98  x 

10”3 

8.0  x  10“ 7 

SUT(64)33  as 

2 

8.78  x 

10“  4 

3.0  x  10“8 

1.5  x  10“ 3 

No  toxicity 

3 

1.94  x 

10“  3 

1.3  x  10“ 7 

2 

2.91  x 

10~3 

1.5  x  10“7 

4 

3.54  x 

10“  3 

1.8  x  10“ 7 

SUT (64) 65  as 

2 

1.89  x 

io“4 

8.0  x  10“8 

7.4  x  10“4 

3.5  x  10‘4 

2 

3.76  x 

10“  4 

1.8  x  10~7 

2 

7.73  x 

10“  4 

2.0  x  10"7 

2 

1.55  x 

10“  3 

2.8  x  10“7 

2 

2.34  x 

10“ 3 

3.0  x  10"7 

3 

3.89  x 

10“  3 

3.9  x  1G“7 

as:  %  saturation  of  ammonium  sulfate  | 

t  SUT:  Sea  Urchin  Toxin  ! 


TABLE  VII 


* 

Effect  of  Toxin  Concentration  on  the  Release  of  Histamine 
From  Guinea  Pig  Gut 


Sea  Urchin  Toxin 

(mg  N/ml) 

U- 

Histamine' 

(pg/mg) 

Dry  Tissue 

2.68  x  10'4 

1.10  x  10“ 3 

5.40  x  10"4 

2.51  x  10“3 

1.34  x  10“ 3 

3.18  x  10-3 

2.68  x  10*3 

3.64  x  10“ 3 

*  Sea  Urchin  Toxin  lSUT(61)~C-64] . 

•j* 

Quantity  released  after  incubation  for  60  min  at  37®C, 
estimated  chemically. 
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TABLE  VIII 

Effect  of  Temperature  on  Histamine  Released  From  Guinea  Pig  Lung  by  Sea 

* 

Urchin  Toxin 


Temperature 

Histamine  Release  f 

CC) 

lig/mg  wet  tissue 

10 

3.29  x  10_s 

21 

3.51  x  10”5 

30 

4.67  x  10"5 

37 

6.87  x  10~5 

incub.ir^d  with  sea  urchin  toxin  [SUT(64)) 
(4.90  X  10'3  mg  N)  for  20  min. 


T 


f 


i 


! 


\ 

i 


i 

3 

I 


Chemical  estimation 


1 


19  - 


TABLE  IX 

Comparative  Blockade  of  Dialvtable  Kjnln  and  Known  Drugs  With 

Various  Antagonists 


Cone,  of 

Blocking 

Initial  Reaction 

Reaction  After 

X  Block 

Test 

Agent 

(X  of  maximum) 

Blocking  Agent 

Compound 

Type 

mg/ml 

Dialyzable 

Kinin 

Atropine 

0.714 

29 

26.60 

8.0 

1.21  mg/ml 

* 

PBZ 

0.114 

35 

26.00 

25.00 

*h 

BOL 

0.086 

29 

7.00] 

73.00 

11 

21 

7.50 

64.50 

*** 

35 

18.00 

50.00 

«BZ 

1.00 

30 

0 

100.00 

Bradykinin 

PBZ 

0.114 

50 

50.00 

0.00 

5.71  x  10-6 

BOL 

0.086 

42 

0.00 

100.00 

mg/ml 

(148) 

Serotonin 

PBZ 

0.114 

48 

52.00 

0.00 

6  x  10'7 

BOL 

(148) 

0.0857 

46 

0.00 

100.00 
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TABLE  XI 


Activity  of  Substrates  III-O  and  IV-0  for  the  Enzyme  SliT(64-?)  65  as 
BioloRical  Assay  of  the  Proteins 


Sobn irate 

Substrate 

Cone. 

j-3  protein/ml 

ENZYME 

SUT(64-2)65  as 
mg/ml 

GUINEA  PIG 

Bradykinin 

(mg/ml) 

ILEUM 

Histamine 

(M/L) 

RAT  UTERUS 

Bradykinin 

(mg/ml) 

III-O 

0.40 

0.40 

1.05  x  10“** 

5.0  x  10"7 

1.11  x  10"5 

III-O 

0.40 

0.20 

7.30  x  10"5 

4.0  x  10_7 

7.0  x  10_6 

IV-1 

0.40 

0.40 

6.35  x  10"5 

2.8  x  10_7 

1.14  x  10~ 5 

IV-1 

0.40 

0.20 

5.33  x  10“ * 

2.50  x  10~7 

1.00  x  10_s 

Beef 

Serum 

H:10] 

0.40 

0.20 

2.83  x  10“ 5 

9.3  x  10-6 

1.73  x  10_7 
5.78  x  10-8 

4.83  x  10" 6 

0.00 

Incubation  Period: 
Temperature : 
Inactivated: 


20  minutes 
37*C 

56*C  for  30  minutes 


iWTO’i  -in',:-^  •nww.ttx  . . .  W*  '  'Wil'W'H 'll 
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TABLE  XII 

Effect  of  Enzyme  Concentration  on  Klnln  Production  from  Substrate  III-O 
(Temp.  37*C,  20  min .  Inc. )  SUT  65  08 


Substrate  III-O 
mg /ml 

SUT(64-2)  65  aa 

BK*  (mg /ml) 

G.P.  Ileum 

BK  mg  /ml 

Rat  Uterus 

0.40 

0.080 

4.5  x  10" 5 

5.0  x  10“6 

It 

0.200 

7 . 66  x  .10  5 

9.50  x  10~8 

It 

0.280 

9.10  x  10"5 

1.02  x  10"5 

It 

0.400 

1.05  x  10_4 

1.16  x  10~5 

It 

0.719 

1.22  x  10“4 

1.30  x  10“ 5 

It 

0.881 

1.29  x  10~4 

1.40  x  10“ s 

* 

Assayed 

as  Bradykinin 

Inactivated 

before  dialysis  at 

56®C  for  30  minutes 

BK  -  Bradykinin 


TABIE  XIII 


Effect  of  Substrate  Concentration  on  Kinin  Formation 


SUT<64-2)  65  as 
(mg  M/ml) 

[S]  III-O 
(mg  Protein/ml) 

Incubation  Time 
(seconds) 

Bradykinin 

(mg/ml) 

(x  10"5> 

2.96  x  10"2 

0.100 

15 

6.64 

30 

7.11 

60 

8.88 

150 

9.10 

300 

9.40 

600 

10.00 

1200 

12.30 

2.96  x  10" 2 

0.200 

15 

7.60 

30 

8.00 

60 

9.40 

150 

10.00 

300 

11.85 

600 

12.50 

1200 

11.60 

2.96  x  10"  2 

0.400 

15 

9.00 

30 

9.25 

60 

10.00 

150 

11.25 

300 

12.00 

600 

13.20 

1200 

13.60 

Temperature  37°C>  Inactivation  56°C  for  30  minutes 


TABLE  XIV 


Comparison  of  Substrate  Specificities  of  Cohn  Fractions  III-Q  and  IV-1 


SUT(64-2)65  as 
mg  N/ml 

[S] 

(mg  Protein/ml) 

Incubation 

Time 

Bradykinin 
Equivalent 
(x  10" 5 ) 

1.27  x  10"  2 

0.200  (III-O) 

15 

7.2 

30 

7.80 

60 

7.70 

150 

7.50 

300 

7.50 

600 

8.66 

1200 

8.25 

1.27  x  10“  2 

0.200  (IV-1) 

15 

1.20 

30 

1.82 

60 

1.90 

150 

1.80 

300 

1.75 

600 

1.85 

1200 

1.69 

Temperature  of  In''"bation  37  *C 
Inactivation  at  56*C  for  30  minutes 
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Compariaoo  of  -.he 


TABLE  XV 

of  Fraction  }II-0  and  IV- 1  as  Sub 


Tested 


I  ’ 

i 

i 

t 

? 

i 

Experimental 

Preparation  Concentration 

Substrate  Enzyme 

BR  equivalent 
G.P.  Ileum 

BR  equivalent  | 

Rat  Uterus  * 

t 

i 

8  globulin 

8  *  0.04 

\ 

constant 

IV-1 

2.96  x  10  2 

1.0  x  10  *♦ 

i 

10X 

a  -  0.36 

2,73  x  10  8  | 

1 

» 

8  -  0.04 

i 

0.00  1 

III-O 

1.1  x  10  4 

t 

e  -  0.003 

I 

) 

a  globulin 

6  -  0.0024 

constant 

IV-1 

2.96  x  10  2 

6.04  x  10  5 

2.13  x  10  6  | 

lr 

Z 

t 

| 

5% 

a  -  0.021 

I 

! 

i 

8  -  0.336 

1 

: 

III-O 

1.15  x  10_4 

1.02  x  10“ 5  I 

a  -  0.021 

I 

—  .  -  -  -  | 

s»J»  wimwppflw 
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APPENDIX 

lavas cleat ions  on  Dialyzable  Toxin  From  Hnwaile  1  Ssa  Urchin 
R.  N.  Gourley  and  W.  A.  Bonner 

A  sample  was  obtained  from  Professor  George  A.  Feigen  of  the  Physiology 
Department.  There  were  0.9C  g  of  dialyzable  material  (A)  and  also  0.95  g  of 
material,  (B),  which  was  dialyzable  but  contained  55%  of  phosphate  salts. 

Preliminary  Analysis  of  (A) 

Found:  C,  11. A;  H,  2.4;  N,  4.0;  Ash  41.62 

Solubility  of  (A) 

The  material  was  not  soluble  in  benzene,  ether,  methylene  chloride,  tetrahydrofurnri . 
acetone,  methanol  or  ethanol.  It  was  almost  completely  soluble  in  water. 

Thin  Layer  Chromatography  of  (A) 

Adsorbent  -  Silica  gel  GF254 

The  material  was  dissolved  in  a  little  aqueous  ethanol.  The  spot  (detected  with 
iodine  vapor  or  ninhydrin  spray)  did  not  move  when  eluted  with  pentane,  benzer . 
or  ether.  A  30%  methanol  -  70%  ether  mixture  caused  a  very  slight  movement, 
was  found  that  with  the  following  solvent  systems  a  single  spot  appeared  abo.- 
half-way  between  the  origin  and  the  solvent  front. 


i 

(1) 

n-butanol 

-  Acetic  Acid 

Water 

Acetone 

? 

i. 

8 

2 

2 

•a 

I 

(2) 

Chloroform 

Methanol 

-17%  NH3 

£ 

4 

4 

2 

} 

i 

(3) 

Ethanol 

Water 

f 

r 

F 

Jr 

7 

3 

\ 

When 

detected  with  ninhydrin,  the  spot  was 

a  bright 

pink  color  after  the 

f 

reaction  with  ninhydrin  had 

taken  place.  This  is 

a  common 

method  for  detecting 

amino-acids  and  peptides.  The  above  solvent  systems  are  also  used  for  T.L.C.  on 
these  compounds.  Faint  traces  of  material  were  observed  both  a'uv.  rrd  below 
the  very  strong  spot. 


Infra-red  spectrum  of  (A)  showed  strong  bands  of  1650  and  11 
broad  band  at  3200  cm  1 


and  a  very 
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Preparative  T.L.C. 

146  mg  of  (A)  were  dissolved  In  aqueous  ethanol  and  prep  TLC  performed. 
Adsorbent  -  silica  gel  GF254;  developer  70%  EtOH  -  30%  HgO 


Dark  pink 
(n inhydrin) 


e.if resting  the  silica  gel  with  aqueous  ethanol  and  evaporating  the  filtrates 
-c  Crjf  ca--  'rooi\  temperature  evacuated  dessicator)  76  rag  of  a  gummy  solid  was 
obreir.-jl.  fhia  gave  a  small  ash  on  burning  on  a  glass  rod  in  a  flame.  It  was 
th'-ugpf  rhf>::  the  material  contained  some  silica  gel  extracted  along  with  the 
urgar.i:'.  covtion.  A  blank  extraction  of  the  silica  gel  gave  3.5  mg  of  solid. 

At  ,e  are  repeating  the  preparative  T.L.C.  on  cellulose  and  hope  that 

by  this  it;i  by  subsequent  extraction  of  the  material  with  aqueous  ethanol  to 
cot ain  <i  sample  pure  enough  for  analysis. 


INTRODUCTION 


In  a  previous  communication  Meyers  (1)  had  shown  that  the  dialy table 
material  prepared  from  crude  extracts  of  ragweed  pollen  was  capable  of  inhibiting 
a  variety  of  immunologic  reactions  of  rabbit  antiBera  prepared  against  the  whole 
extract.  The  object  of  the  present  report  is  to  present  evidence  that  the  crude 
antisera  as  well  as  y-globulln  fractions  of  such  antisera  can  confer  passive 
sensitivity  upon  intestinal  and  cardiac  tissues  of  normal  guinea  pigs,  and  that 
the  anaphylactic  response  to  the  whole  antigen  can  be  quantitatively  inhibited  if 
the  dialyzable  hapten  is  added  to  the  Bystem  at  a  suitable  interval  before  the 
tissues  are  challenged  with  the  whole  antigen 

MATERIALS 

Antigens:  The  antigens  and  haptens  used  in  the  immunization  of  rabbits 

as  wtil  as  for  challenge  of  sensitized  tissues  were  prepared  according  to  the 
methods  described  in  another  report  (1).  The  particular  antigens  used  in  the 
present  studies  were  preparations  II,  III,  IV,  V,  and  VI,  all  of  which  were 
obtained  from  defatted  ragweed  pollen.  Preparations  II  and  III  were  extracted 
in  distilled  water  pH  5.0.  Antigen  IV  was  extracted  with  a  dilute  salt 
solution  and  the  solution  maintained  at  about  neutrality,  with  stirring,  by 
the  addition  of  dilute  NaOH.  The  material  in  the  dialysate  was  obtained  by 
precipitation  with  ethanol.  Antigen  V  was  extracted  in  0.15  M  phosphate  buffer 
V-H  10.8  and  antigen  VI  was  prepared  in  0.15  M  phosphate  buffer  at  pE  7.6. 
defatted  short  ragweed  pollen  was  extracted  for  at  least  24  hr  in  the  above 
mentioned  buffers  or  in  distilled  water.  The  insoluble  portion  was  removed 
by  filtration  or  centrifugation  and  the  filtrate  (the  antigenic,  non-dialyzable 
material)  was  placed  in  Visking  bags  and  dialyzed  against  distilled  water  at 
2*C  for  several  24  hour  periods.  The  dialysates  from  each  preparation  were 
pooled  and  concentrated  by  pervaporation  or  lyophilization  tc  give  Hapten 
Preparations  III,  V,  and  VI. 


Antisera:  Antisera  against  the  several  antigens  were  prepared  by  injecting 

rabbits  with  aqueous  extracts  of  defatted,  non-dialyzable  preparations. 

Antibody  A  was  prepared  from  a  pool  of  antisera  from  rabbits  receiving  0.3  to 
0.6  ml  of  10  mg/ml  of  antigen  intramuscularly  in  each  hind  leg.  After  a  10  day 
rest  period,  a  course  of  seven  to  nine  intravenous  injections  was  given  in 
which  each  animal  received  0.5  to  1.0  ml  doses  of  antigen  at  four-day  intervals. 
Rabbits  were  bled  7  days  after  the  last  injection.  If  booster  injections  were 
required,  1.0  ml  was  given  intravenously  twice  weekly  for  three  weeks.  The 
V-globulin  fraction  was  obtained  by  repeated  precipitation  in  the  presence  of 
l/O-saturated  ammonium  sulfate.  Antibody  E  was  prepared  by  immunizing  rabbit 
No.  750  with  10.5  mg  of  a  non-dialyzable  ragweed  pollen  preparation,  RW  III. 

total  dose  was  dissolved  in  3.0  ml  and  1.5  ml  aliquots  were  injected 
intramuscularly  into  each  hind  leg.  The  rabbit  rested  Miree  months  and  then 
tC5  was  injected  intravenously  twice  weekly  for  three  weeks. 

The  rabbit  was  bled  seven  days  after  the  last  injection.  The  antibody 
concentrations  of  the  two  preparations  used  in  these  experiments  were  estimated 
"  Potions  Ly  the  usual  quantitative  precipitin  tests.  Antibody  A, 
the  pooled  Y-globulin  preparation,  contained  1.3  mg  of  specifically  precipitable 
,rotein  and  antibody  B,  a  crude  antiserum,  contained  2.30  mg  of  precipitable 

capable  ofasensiMLn°^dialrablewFraCtl0n  IV'  11,632  PreP«ations  were  shown 
Maphylwis  erythrocytes  and  producing  passive  cutaneous 


METHODS 
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Gut 

Preparation  of  Tissue ;  Normal  male  guinea  pigs ,  ranging  in  weight  between 
350  and  500  g  were  killed  by  a  blow  to  the  base  of  the  skull.  The  guts  were 
delivered  into  warmed  Tyrode's,  (2)  flushed,  transferred  through  several  portions 
of  warmed  Tyrode's,  and  then  stored  in  the  refrigerator  for  2  hours.  At  the 
end  of  the  storage  period  the  lower  third  of  each  intestine  was  cut  into  3-cm 
strips;  the  tissues  of  all  donors  were  combined  into  one  pool  and  randomly 
assorted  into  bundles  consisting  of  4  strips  each.  The  bundles  of  tissue  were 
stored  at  room  temperature  in  oxygenated  Tyrode's  for  60  min. 

Sensitization  of  Tissue:  At  the  completion  of  the  last  storage  maneuver 
the  tissues  were  transferred  into  a  sintered  glass  filter  tube  of  60  ml 
capacity  containing  35  ml  of  antibody  solution  prepared  by  diluting  appropriate 
quantities  of  crude  dialyzed  antisera  or  the  partially  purified  y-globulin 
fraction  with  Tyrode's.  Tissue  bundles,  removed  after  various  periods  of 
incubation,  were  washed  by  passage  through  three  30  ml  portions  of  Tyrode's 
at  20®C,  the  lumens  flushed  with  warm  Tyrode's,  and  the  etripB  positioned  in 
4-ml  Schultz-Dale  baths.  Muscle  contractions  in  response  to  antigens  or  to 
histamine  were  recorded  either  isometrically,  by  raean9  of  Statham  G-7A  strain 
gauges,  or  lsotonically ,  by  means  of  the  usual  kymographic  method. 

Challenge :  All  tissues  were  maintained  in  oxygenated  Tyrode's  solution 
at  37.5<>C  during  challenge  and  all  teat  antigens  and  haptens  were  made  up  in 
Tyrode's  solution.  The  doses  and  concentrations  of  antigens  used  for  challenge 
varied  with  the  preparation  and  with  the  requirements  of  the  experiment.  In 
any  case,  the  volume  of  antigen  solution  introduced  into  the  muscle  bath  never 
exceeded  0.4  ml,  the  final  bath  volume  being  maintained  at  a  constant  level  of 
4.0  ml  by  the  removal  of  Tyrode's  equal  in  volume  to  the  dcse  of  antigen  which 
was  to  be  added.  The  anaphylactic  reaction  wee  allowed  to  develop  for  10 
minutes,  after  which  the  bath  was  flushed  out  and  the  tissue  rechallenged 
with  the  same  dose  of  antigen  to  confirm  desensitization. 

Sensitization:  Each  tissue  was  washed  and  then  standardized  with  various 
doses  of  histamine.  Calibration  curves  were  constructed  for  each  strip,  as 
previously  described  by  Feigen  et  al.  (3,  4).  The  experimental  results  are 
expressed  in  equivalent  histamine  concentrations  obtained  by  plotting  the  per 
cent  of  maximel  response  attained  by  each  atrip  as  a  function  of  the  hiBtamine 
concentration  present  in  the  bath. 


Heart 


Preparation  of  Tissue:  Pigs  weighing  between  250  and  300  g  were  heparinized 
(1  mg/100  g)  and  then  killed  by  a  blow  to  the  base  of  the  skull.  The  thoracic 
cage  was  opened  and  the  ascending  aorta  was  cannulated.  The  vena  cava  was 
transaectei  end  the  heart  fed  wanned  Chenoweth's  solution  until  the  muscle  and 
chambers  had  ceen  cleared  of  blood.  The  cannulated  heart  was  removed  from  the 
carcass  and  attached  to  the  standpipe  of  an  Anderson  Heart  Perfuoion  apparatus. 

A  thread  was  passed  through  the  apex  of  the  heart  in  such  a  way  that  one  strand 
could  be  connected  to  a  transducer  while  the  other  wa3  weighted  with  a  1.0  g 
load.  The  heart  was  perfused  with  Chenoweth's  solution  (5)  for  about  20  min  while 
several  control  estimates  were  made  of  the  rate,  amplitude,  and  minute  perfusion 

1  iitna  * 


Sensitization  and  Challenge:  Sensitization  of  the  isolated  heart  was 
accomplished  by  passing  25  ml  of  Chenoweth's  solution  containing  the  desired 
antibody  concentration  through  the  coronary  circuit.  The  effluent  was  collected 
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and  reinstilled  until  the  total  volume  perfused  in  this  way  was  75  ml.  The 
organ  was  next  'cleared1  of  excess  antibody  by  the  passage  of  25  ml  of  antibody- 
free  Chenoweth's  solution,  after  which  it  was  challenged  by  the  instillation 
of  25  ml  of  an  antigen  solution  made  up  to  a  concentration  of  0.216  mg/ml. 

Records  of  the  mechanical  performance  were  made  with  the  aid  of  a  strain  gauge 
and  samples  of  che  coronary  effluent  were  collected  at  30  sec  intervals  in 
graduated  centrifuge  tubes. 

Estimation  of  histamine:  The  samples  of  effluent  at  -20®C  for  the 
subsequent  bioassay  for  histamine  according  to  the  methods  previously 
described  (6).  At  the  end  of  the  test  the  heart  was  removed,  the  aorta  trimmed 
away,  and  the  organ  dried  to  a  constant  weight  at  105®C.  The  tabulated  histamine 
determinations  and  coronary  flow  values  were  normalized  by  dividing  the  raw 
experimental  results  by  the  dry  weight  of  the  heart. 

RESULTS 

Since  one  of  the  alms  of  the  present  study  was  to  provide  a  quantitative 
estimate  of  the  degree  of  inhibition  by  various  hapten  preparations  it  was 
necessary  to  establish  the  limits  of  antibody  dilution  within  which  the  extent 
of  the  reaction  could  be  quantitatively  varied  and  al60  to  arrive  at  a  practical 
time  of  incubation  for  the  performance  of  the  determinations. 

Limiting  Dilution  of  Antibody 

Ileal  tissues  of  3  guinea  pigs  were  removed  and  prepared  for  Incubation  as 
described  undet  the  appropriate  section  of  "Methods".  Seven  randomly  assorted 
bundles  of  tissue  were  separately  incubated  for  1  -  3  hr  wii various 
concentrations  of  dialyzed  antiragweed  serum  B,  ranging  between  2.3  x  10_4 
to  6.0  x  10  2  mg/ml  of  specifically  precipitable  antibody  protein.  After 
incubation  and  washing  each  strip  ir  a  given  bundle  was  tested  with  0.216  mg/ml 
of  nondialyzable  antigen  IV.  All  the  guts  tested  reacted  to  that  concentration 
of  antigen  after  three  hours  of  incubation.  Typical  Schultz-Dale  reactions 
obtained  after  a  3-hour  incubation  with  2.3  X  10~2  mg/ml  of  antibody  and  a 
1-hour  incubation  with  2.3  x  10  4  mg/ml  of  antibody  are  exhibited  in  Fig.  1. 

The  reactions  were  maximal  for  all  concentrations  tested.  Tissues 
sensitized  with  the  higher  concentrations  of  antibody  showed  a  constant  latent 
period  of  about  10  sec,  the  contractions  developing  rapidly  and  persisting 
throughout  several  washings.  In  contrast,  the  guts  incubated  in  the  presence 
of  2.3  x  10  4  mg/ml  of  antibody  relaxed  immediately  after  challenge.  On  the 
basis  of  these  results  a  1:10000  dilution  of  the  antiserum  B  i.e.  2.3  x  10~4  mg 
of  the  antibody/ml,  was  selected  as  a  standard  concentration  of  antibody  for 
the  determination  of  the  time-course  of  sensitization. 

Time-Course 

The  time  course  of  sensitization  was  studied  by  incubating  portions  of 
normal  guinea  pig  ileum  for  60,  120,  and  180  min  in  the  presence  of  2.30  x  icf4 
mg/ml  of  antibody  B  and,  for  comparative  purposes,  in  the  presence  of  a  pooled 
Y-globulin  preparation  which  contained  1.31  mg/ml  of  specifically  precipitable 
antibody /ml. 


Table  I  showB  in  both  cases  that  the  magnitude  of  sensitization  increases 
with  time  of  incubation  and,  in  two  instances,  appears  to  approach  a  limiting 
value  after  3  hr.  Although  a  comparison  between  the  two  antibody  systems  is 
not  strictly  valid  since  the  test  antigens  used  were  not  from  the  same 
preparation  it  is  quite  obvious  from  Fig.  2,  that  antibody  B  produced  a 
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comparable  degree  of  responsiveness  in  a  concentration  several  orders  of 
magnitude  lower  than  antibody  A. 


Effect  £,f  Antigen  Cftncentjg_tlpn 


Bundles  of  normal  guinea  pig  ileum  were  sensitized  by  a  three  hour 
incubation  In  fhe  presence  of  3.74  x  1C  2  mg/ml  of  pooled  antiragweed 
Y-globul'  pool  "A",  washed,  and  positioned  in  the  4-tnl  muscle  chambers 
according  to  tl  .  general  method.  The  sensitized  tissues  were  then  separately 
challenged  iri  the  presence  of  four  concentrations  of  non-dialyzable  antigen  V 
ranging  from  0.20  to  0.84  ng/ml  in  final  concentration.  In  two  separate 
instances  hapten  V  was  added  to  a  final  concentration  of  5  and  8  mg/ml 
15  min  preceding  challenge  with  0.2‘>  and  0.C4  mg/ml  of  antigen  respectively. 


The  u's  uts  given  In  Table  II  show  that  the  response  of  the  sensitized 
tissues  to  increasing  antigen  co..-. ert  ration  is  described  by  a  steeply  rising, 
alro..-.  linear,  function  such  that  a  i-fol.’  increase  in  response  (from  2  x  10  ° 
to  1  r:  ib  7  M  histamine  equii  dents)  jeeun.  for  a  slightly  greater  than  4-fold 
increase  antigen  concent  rat. ’on.  Additionally,  these  results  demonstrate 
that:  the  uxp /  c-reo  reaction  tc  0.29  and  0.04  mg/ml  of  test  antigen  can  be 
blockei  by  15  and  oo?.  respectively,  in  the  presence  of  appropriate  concentrations 
of  hapten  added  15  min  before  challenge. 


Effect  of  Hapten  Concentration 

Six  6-cm  portions  of  normal  guinea  pig  ileum  were  incubated  for  3  hr  at 
37°C  with  3.74  x  10  2  mg/ml  of  antiragweed  yglobulin-Pool  A.  They  were  then 
washed,  and  cut  into  2- cm  strips  which  were  positioned  and  standardized  with 
histamine  according  to  the  general  technique.  Following  standardization 
with  histamine  appropriate  quantities  of  hapten  III  were  added  to  the  bath  as 
follows;  1.25,  1.43,  and  2.86  mg/ml  in  Experiment  I  and  3.33,  5.00,  and  8.00 
mg/ml  in  Experiment  II.  Fifteen  minutes  later  each  tissue  was  challenged, 
in  the  presence  of  hapten,  with  0.15  mg/ml  of  antigen  III.  The  degrees  of 
block  were  calculated  with  reference  to  the  reactions  given  by  hapten-free 
controls  which  were  1.2  x  10~  7  and  2.2  x  10~7  M  equivalent  histamine  concen¬ 
trations  in  the  first  and  second  experiments,  respectively. 

The  data  given  in  Table  III  show  that  although  inhibition  definitely  does 
depend  on  the  hapten  concentration  present  during  challenge,  the  function  rising 
steeply  between  0  and  3.33  mg/ml  of  hapten,  it  appeals  to  reach  a  plateau  of 
50%  inhibition  at  hapten  concentrations  above  3.33  mg/ml.  The  effect  of  hapten 
on  the  change  in  the  functional  response  of  the  tissue  to  challenge  is 
illustrated  by  the  records  presented  in  Fig.  3.  The  set  of  kymograph  records 
given  in  Fig.  3  illustrates  that  the  concentration  of  antigen  used  for  the 
initial  challenge  was  sufficient  to  produce  desensitization  of  the  hapten-free 
control  and  that  the  presence  of  the  allergen  did  not  decrease  the  sensitivity 
of  the  tissue  to  histamine.  Secondly,  the  presence  of  hi.pten  (in  the  amounts 
used)  evoked  neither  nonspecific  nor  specific  reactions.  Finally,  the 
inhibitory  effect  of  hapten  is  seen  to  be  manifested  both  as  a  delay  in  onset 
and  a  decline  in  velocity  of  contraction,  as  well  as  in  the  reduction  of  the 
tinal  magnitude  of  the  response* 


Inhibitory  Power  of  Hapten  on  Degree  of  Sensitization 

The  effect  of  hapten  on  the  reaction  of  sensitized  tissues  to  challenge 
by  specific  antigens  was  tested  by  varying  the  hapten  concentration  when  the 
incubation  time  was  constant,  and  by  determining  the  degree  of  Inhibition  at  a 
constant  hapten  concentration  when  the  incubation  time  was  variable,  i.e. 
before  sensitization  had  become  maximal. 

The  tissues  were  prepared  according  to  the  general  methods  given  earlier. 
They  were  sensitized  in  the  presence  of  2.3  x  10  H  mg  Ab  B/ml  for  1,  2,  or 
3  hr  and  then  challenged  with  0.212  mg/ml  of  non-dialyzable  test  antigen  VI 
in  the  presence  or  absence  of  various  hapten  concentrations,  as  given  in 
Table  IV.  In  these  experiments  the  degree  of  block  was  calculated  with 
reference  to  the  control. 

The  results  given  in  Table  IV  show  clearly  that  at  a  constant  degree  of 
sensitization  the  degree  of  block  attainable  varies  with  the  hapten 
concentration  present  in  the  bath  before  the  tissues  are  challenged  with  a 
constant  doae  of  test  antigen.  In  the  present  case  the  inhibition  ranged  from 
17%  in  the  presence  of  0.012  mg  hapten  N/ml  to  59%  in  the  presence  of  0.028  mg 
hapten.  N/ml.  Similarly,  if  the  degree  of  sensitization  were  varied  by 
different  periods  of  incubation,  the  degree  of  block  achieved  by  a  constant 
hapten  concentration  (0.038  tag  hapten  11/ml)  was  seen  to  decrease  from  100%, 
when  the  incubation  time  was  1  hr,  to  56%  at  3  hr  when  the  tissue  had 
presumably  approached  a  maximal  degree  of  sensitization. 

Apparently  the  union  of  antibody  with  hapten  1b  a  firm  one  as  repeated 
challenge  of  hapten-treated  strips  with  the  specific  allergen  failed  to 
elicit  «  complete  response  in  tests  conducted  after  30,  60,  and  90  min  of 
repeated  challenge  and  washing  cycles. 

Effects  on  the  Heart 

In  the  present  experiment  six  normal  hearts  were  Bensltized  in  vitro  by 
the  method  of  coronary  perfusion  described  in  the  appropriate  section  under 
"Methods".  The  concentrations  of  antibody  B  used  ranged  from  2  x  10  ^  to 
2.3  x  10  3  mg/ml  as  specifically  precipitable  antibody  protein.  After  the 
subsequent  "clearing"  maneuver,  each  heart  was  challenged  with  25  ml  of  antigen 
IV,  given  in  a  final  concentration  of  0.216  mg/ml.  Samples  of  the  effluent 
were  taken  before  challenge  and  then  at  30  second  intervals  after  challenge, 
for  a  period  of  4.5  min.  Table  V,  which  gives  the  unit  coronary  flows  and 
histamine  release  values,  shows  that  the  reduction  in  the  perfusion  volume 
evoked  by  challenge  was  generally  greater  in  those  hearts  which  received  the 
higher  antibody  concentrations,  although  the  degree  of  reduction  was  not 
strictly  proportional  to  concentration.  The  time-courses  of  histamine  release, 
g  ven  in  table  V,  and  illustrated  in  Fig.  4,  show  that  the  output  of 
histamine  by  the  heart  ia  a  very  rapid  process,  reaching  a  peak  between  1 
and  2  nun  after  challenge,  and  that  both  the  maximal  amount  of  histamine 
produced  and  the  rate  of  its  release  decline  as  the  antibody  concentration  is 


pnnf^  quantitative  dependence  of  the  intensity  of  the  reaction  upon  antibody 

aeainar^h1011  18  lllu85ratef  ln  F1e-  5  by  a  plot  of  the  total  histamine  released 
^“  C,the  concentration  of  antibody  used  in  the  sensitization  maneuver.  The 
cuive  shows  that  the  response  to  the  present  antiragweed  preparation  is  easily 

lowest  concentration  of  antibody  used  in  these  experiments,  2  x  lO-*  m°/ml 
is  by  no  means  at  the  threshold  of  detection.  "  ’ 
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DISCUSSION 

Studies  of  quantitative  tissue  anaphylaxis  are  commonly  based  either  upon 
the  variation  in  strength  of  immunological  reagents  necessary  to  produce  a 
constant  endpoint,  or  upon  the  variation  in  output  of  a  humoral  agent >  such 
as  histamine,  which  is  assumed  to  be  released  quantally  (6)  by  certain  target 
cells.  Thus  when  the  sensitized  tissue  is  challenged  in  an  optimal  molecular 
ratio  (7)  the  amount  of  humoral  agent  liberated  becomes  an  indirect  measure 
of  the  number  of  cells  to  which  one  of  the  specific  reagents  is  fixed  in  a 
critical  way.  Although  the  indicator  system  may  accurately  reflect  the  number 
of  successful  combinations,  the  reaction  system  itself  is  a  variable  of  the 
reagents  used  and  of  the  conditions  employed  for  sensitization  and  challenge. 

Given  a  set  of  constant  preadsorption  conditions  the  velocity  of  the 
sensitization  reaction,  hence  its  outcome  at  a  given  time,  is  predictable 
from  the  antibody  concentration  (8,  9,  10),  the  ambient  temperature  and 
the  tine  of  exposure  to  antibody.  At  a  constant  degree  of  sensitization  the 
magnitude  of  the  reaction  will  also  vary  with  the  concentration,  purity,  and 
specificity  of  the  antigen. 

The  effect  of  the  nature  of  the  antibody  preparation  upon  the  magnitude 
and  time  course  of  sensitization  is  illustrated  quite  clearly  by  comparing  the 
quantities  of  histamine  released  after  sensitization  with  antiragweed 
preparations  A  and  B.  Although  the  crude  antiserum,  preparation  B,  contained 
initially  about  twice  as  much  specifically  precipitable  antiragweed,  it 
produced  a  somewhat  greater  degree  and  velocity  of  sensitization  at  an 
antibody  concentration  about  2  orders  of  mangitude  lower  than  that  obtained 
with  the  partially  purified  y-globulin  preparation,  suggesting  that  fractionation 
might  have  removed  or  inactivated  a  species  of  molecule  of  greater  sensitizing 
capacity  or  that  the  test  antigen  contained  a  great  deal  of  material  that  was 
inert  -  or  inhibitory  -  to  the  anaphylactic  response  but  not  to  the  precipitation 
reaction. 

A  direct  test  of  the  effect  of  varying  the  type  of  antigen  is  afforded  by 
comparing  the  results  of  experiment  2  with  those  of  experiment  3  in  Table  I. 

In  both  cases  the  tissues  had  been  sensitized  with  the  same  concentration  of 
antibody  B  but  had  been  challenged  In  the  one  case  with  antigen  IV,  and  in  the 
other  with  antigen  VI  in  approximately  equal  concentrations.  The  results,  as 
illustrated  in  Fig.  1,  show  that  the  rate  and  magnitude  of  sensitization  appear 
to  be  greater  when  viewed  with  respect  to  antigen  VI  than  when  estimated  with 
respect  to  antigen  IV.  The  data  show  that  although  the  onset  of  sensitivity 
in  response  to  antigen  VI  was  somewhat  slower  than  to  preparation  IV,  initially, 
the  function  appeared  to  accelerate  in  the  latter  case  after  2  hr  while  in 
the  former  case  it  evidently  had  begun  to  reach  a  plateau  in  that  interval. 

Although  a  given  quantum  of  pharmacological  response  by  no  means  implies 
an  invariant  degree  of  sensitization  if  the  frame  of  reference  is  altered, 
histamine  release  can  be  successfully  employed  to  measure  the  effectiveness  of 
hapten  inhibition  either  a3  a  function  of  hapten  concentration  or  as  a  function 
of  the  degree  of  sensitization,  provided  that  the  nature  of  immunological 
reagents  is  not  varied.  Ir.  the  present  studies  the  inhibitory  effects  of  haptens 
have  been  shown  in  both  ways.  The  results  obtained  at  constant  sensitization 
conditions  with  Antibody  A  and  antigen  III  show  that  inhibition  tends  to  become 
independent  of  hapten  concentration  at  a  final  plateau  of  50% .  The  explanation 
for  that  may  lie  in  the  fact  that  the  crude  antigen  produces  antibodies  against 
a  variety  of  determinants  besides  those  having  specificity  for  the  haptenic 
group.  In  the  case  of  preparation  IV  tissues  sensitized  with  antibody  B  showed 
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no  such  limit.  The  reason  for  this  is  not  entirely  clear  -  assuming  that  each 
antibody  pool  was  composed  of  a  mix  urc  of  sensitizing  and  non-sensitizing 
hapten-specific  antibodies,  both  of  which  could  compete  for  attachment  to  the 
number  of  cell  receptors  available,  it  is  evident  that  the  antibody  preparation 
having  the  higher  ratio  of  sensitizing  antibodies  would  be  the  one  showing  a 
greater  sensitizing  power.  Since  the  total  number  of  antibodies  required  to 
produce  a  giver,  degree  of  sensitization  would  be  much  lower  in  the  case  of 
antibody  B,  hapten  inhibition  would  be  much  more  effective  as  fewer  of  the 
hapten  molecules  would  be  sequestered  by  the  anaphylactically  inert  antibodies. 

If  the  degree  of  sensitization  depends  upon  the  number  of  "strongly" 
adsorbed  antibody  molecules  which  are  critically  attached  to  the  histamine 
releasing  cells,  and  if  that  value  increases  with  sensitization  time,  as 
suggested  from  the  results  of  King  and  Francis  (7),  it  follows  that  the 
degree  of  inhibition  by  a  constant,  but  limiting,  concentration  of  hapten 
should  be  progressively  reduced  as  the  sensitization  time  is  prolonged.  The 
results  obtained  in  Table  IV  when  tissues  incubated  for  1,  2,  ard  3  hr  were 
treated  with  0.038  mg  N/ml  of  hapten  VI  prior  to  challenge  with  non-dialyzable 
antigen  support  this  view.  Since  the  reaction  between  antigen  and  antibody 
required  to  trigger  the  anaphylactic  response  is  assumed  to  occur  at  a  constant 
ratio  of  unity,  it  follows  that  the  degree  of  hapten  inhibition  is  an  indirect 
measure  of  the  number  of  fixed  antibodies  reacting. 

The  heart  is  a  remarkably  sensitive  test  organ  for  quantitative  experiments 
dealing  with  anaphylaxis  by  passive  transfer.  The  amount  of  antibody  adsorbed 
per  unit  weight  of  ti.03ue  and  the  degree  of  sensitisation  have  been  shown  to 
be  dependent  ir_  a  simple  way  upon  the  antibody  concentration  in  the  perfusion 
fluid  (11).  Both  functions  attain  a  constant  value  after  a  single  passage  of 
antibody  through  the  coronary  circuit  thus  obviating  delay  owing  to  diffusion, 
which  is  characteristic  of  merely  soaking  tissues  in  antibody  solutions.  The 
amount  of  histamine  released  by  the  heart  is  among  the  greatest  of  all  target 
tissues  studied  (12),  most  of  it  coming  from  the  atrium  which  has  a  high  total 
content  and  a  large  anaphylactically  releasable  fraction.  The  histaminase 
activity  of  guinea  pig  heart  is  virtually  nil  (13).  Since  the  methods  of 
chemical  estimation  are  sensitive  at  least  to  10"8  M  histamine  even  weak 
anaphylactic  responses  can  be  quantitatively  estimated  with  the  degree  of 
precision  of  the  usual  fluorcmetric  techniques.  Furthermore,  since  the  overall 
pattern  of  response  of  the  guinea  pig  heart  involves  an  increase  in  rate, 
amplitude,  and  a  reduction  of  coronary  flow  there  is  available  a  wide  range 
of  reliable  parameters  by  means  of  which  anaphylaxis  may  be  detected  even  when 
the  amount  of  histamine  released  into  the  effluent  falls  below  the  level  of 
reliable  analysis. 


SUMMARY 


J!!!SlVe  setl8itizati0n  of  isolated  normal  guinea  pig  heart  muscle 
with  two  different  preparations  of  rabbit  anti  ragweed  scrum  failed  to  show  a 
correlation  between  precipitating  antibody  and  ability  to  sensitize. 


(2)  The  dialyzable,  small  molecular  weight  fraction  obtained 
extracts  of  ragweed  pollen  inhibited  the  anaphylactic  reaction  when 
was  made  with  a  nondialyzable  fraction. 


from  aqueous 
challenge 
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TABLE  I 

Effect  of  Incubation  Time  on  Reaction  of  In  vitro  Sensitized  Guinea 
Pig  Ileum  to  Non-Dialyzable  Fractions  of  Antigen 


System 

Sensitization 

Challenge 

Antibody 

Antigen 

[a£]  mg/ml 

Time 

(min) 

[AG]  mg/ml 

Histamine 
Equivalent 
moles /liter 

(x  10“  7) 

* 

A 

Allergen 

11 

3.74  x  10-2 

60 

1.33 

0.36 

•  t 

120 

1.33 

1.60 

It 

180 

1.33 

2.10 

a* 

B 

Allergen 

IV 

2.36  x  10'“ 

60 

0.216 

2.72 

tl 

120 

0.216 

5.55 

If 

180 

0.216 

7.20 

B** 

Allergen 

VI 

2.36  x  10'4 

60 

0.212 

1.47 

II 

120 

0.212 

4.50 

If 

180 

0.212 

15.00 

* 

A  Antibody  A  was  a  pooled  antiragweed  y-globulin  which  contained  1.31  mg 

preclpltable  antibody  protein/ral. 


Antibody  B  was  a  crude  rabbit  antiserum  which  contained  2.30  mg  of 
preclpltable  antibody  protein/ml.  J 


Antigen  and  antibody  concentrations  are  final  concentrations  in  the 
bath. 
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TABLE  II 

Effect  of  Varying  Antigen  and  Hapten  Concentrations  on  Response  of  In  Vitro 

Sensitized  Gut 


Sensitization 

Conditions 


Challenge 


Inhibition 


%  Block 


Antigen  V  Histamine  Hapten  V 

(mg/ml)  Equivalent  (mg/ml) 

moles/liter  (x  10~8} 
(x  10' 8) 


Histamine 
Equivalent 
moles/llter 
(x  10~8) 


Antibody  A 

0.200 

2.0 

3.74  x  10~2 

0.250 

2.8 

tng/ml  for 

0.290 

3.0 

5.00 

2.50 

16 

3  hours 

0.842 

10.00 

8.00 

4.00 

60 

TABLE  III 


Effect  of  Varying  Concentration  of  Hapten  III  on  Reaction  of  Sensitized  Gut  to 

Constant  Concentration  of  Antigen  III 


>eriment 

Sensitization 

Inhibition 

Challenge 

Z  Blocke 

No. 

Conditions 

It 

with  reap 

Hapten  III-2 

Incubation 

Antigen  III-2 

Histamine 

to  contr 

(mg/ml) 

Time  with 

(mg/ml) 

Equivalent 

Hapten 

(mins) 

Moles. liter  1 

I. 

3.74  x  10"2 
mg/ml 

0.00 

15 

0.15 

1.20  x  10~7 

0 

Antibody  A 

1.25 

11 

0.15 

9.00  x  10"8 

25.0; 

for  3  hours 

1.43 

11 

0.15 

8.60  x  10“8 

28.3 

2.86 

11 

0.15 

8.80  x  10"8 

26.4 

II. 

3.74  x  l(f2 

0.00 

If 

0.15 

2.20  x  10"7 

0 

mg/ml 

Antibody  A 

3.33 

11 

0.15 

1.14  x  10~7 

48.2 

for  3  hours 

5.00 

»l 

0.15 

1.15  x  10"7 

47.7 

9.00 

20 

0.15 

1.13  x  10"7 

48.6 

Added  15  minutes  before  challenge  with  antigen 


'  i-  ♦•'f  ■  ^w  ,  :■  ( ?.  -  -t*  ...n^  »r  ■•  »^i.  • 
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TABLE  IV 

Effect  of  Varying  Sensitization  Time  and  Hapten  Concentration  on  Response 

Of  Gut  to  Ar.tigen  VI 


xperimer.tal  Sensitization  Category  Kapten  VI  Antigen  VI  Response 


Z  Block 


Condition 
Antibody  B 
4.36  x  10““ 


Time 

(min) 


(mg  N/ml)  (mg/ml)  Hist.  Equiv.  With  respect 

(moles . liter- 1 )  to  control 
(x  10-7) 


%pten  Cone. 

180 

Control 

0 

0.212 

5.30 

5.30 

0 

triable 

II 

Hapten 

0.012 

It 

11 

4.39 

17.2 

tl 

fl 

0.019 

tl 

If 

3.65 

31.0 

tl 

It 

0.028 

II 

II 

2.17 

59.0 

ncubation 

Control 

0.000 

tl 

‘ime :  Variable 

60 

1.47 

Q 

100.00 

1 

Hap  tea 

0.038 

II 

Control 

0.000 

It 

120 

4.50 

1.57 

65.20 

1 

Hapten 

.^38 

it 

fr 

Control 

0.000 

It 

1 

l 

180 

Hapten 

0.038 

II 

15-00 

6.72 

56.00 

l 

_ 

Hapten  added  15  minutes  preceding  challenge  with  antigen 
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TABLE  V 


Protocol  of  Anaphylactic  Reactions  of  Guinea  Pig  Hearts  Sensitised 

In  Vitro  With  Various  Concentrations  of  Rabbit  Anti-ragweed  Serum  B 

Antigen  -  RW  IV 
(0.216  og/ml) 

ivibody  B  Dry  Heart 
(mg/icl)  Weight 

(8) 

Collection 

Time 

(sec) 

Coronary  Flow 
(ral/g/min) 

X  of  Control 
Flow 

Hist amine 

Released 

Moles/g/dry  tissue 

X  .3  x  10" *  0.1677 

60 

24.00* 

100.00 

0.00 

30 

24.  CO 

100.00 

0,75 

ft 

29.80 

124.00 

2.23 

n 

24.00 

100.00 

2.79 

ii 

21.50 

89.58 

3.57 

ii 

20.27 

84.45 

4.35 

ii 

22.65 

94.38 

3.37 

i  ? 

20.27 

84.45 

3.03 

ii 

24.00 

100.00 

2.65 

it 

20.27 

84.45 

2.60 

4.6  x  10'5  0.1332 

60 

30.8* 

100.00 

0.00 

30 

22.5 

73.10 

4.17 

•  1 

19.5 

63.30 

5.21 

II 

24.0 

77.90 

11.87 

II 

16.5 

53.60 

8.28 

II 

24.0 
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TABLE  V  (continued) 


ibody  B 

Dry  Heart 

Collection 

Coronary  Flow  %  of  Control 

Histamine 

mg/ml) 

Weight 

Time 

(ml/s/mln)  Flow 

Released 

(8) 

(sec) 

Moles/g/dry  tissue 

5  x  10~“ 

0.1511 

ZZZZZZZZZZ^C^ 

o  o 

* 

33.1 

29.8 

23.16 

26 . 16 

19.90 

11.91 

10.60 

10.60 

12.20 

19.90 

21.20 

19.90 

100.00 

90.30 

70.20 

80.30 

60.30 

36.10 

32.10 

32.10 

40.00 

60.30 

64.20 

60.30 

0.00 

0.46 

4.80 

17.78 

20.13 

9.78 

7.07 

3.49 

2.09 

1.6S 

3  x  10'“ 

0.1517 

60 

42.80* 

100.00 

0.00 

30 

33.00 

76.70 

1.50 

It 

10.50 

24.40 

13.20 

It 

11. SO 

27.70 

21.95 

II 

18.50 

43.00 

13.91 

II 

19.80 

46.00 

6.58 

ri 

21.10 

49.10 

3.60 

m 

23.70 

55.10 

3.29 

n 

23.70 

55.10 

3.18 

22.70  53-10  2.54 


3  x  10"3  0.1784 

60 

28.00 

100.00 

0.00 

30 

22.40 

80.00 

1.50 

It 

13.50 

48.90 

10.34 

II 

11.20 

40.00 

19.14 

II 

10.70 

38.20 

22.07 

It 

12.30 

44.00 

15.81 

« 

13.50 

48.00 

8.43 

II 

14.60 

52.00 

6.22 

II 

22.40 

80.00 

4.64 

II 

28.00 

100.00 

4.52 

A 


r 

k 

‘ 

i 

i 

A 

r 

r 

i 

* 

* 

»* 

i 

*  ! 

1 

i  i 

t 

1 

•  2  3  4  5  A  I  A 


I 


i 


3 


AB 
2-3X1 
For  Three  Hour* 


I  2  3  B  B  4  5 


“  4 

2*3X10  mg/ml 

For  One  Hour 


Figure  1 :  Effect  of  Antihody  Concentration  on  Response  of  In  Vitro  Sens! tized  Intestinal 

Strips  to  Whole  Antigen 

A.  Gut  strip  sensitized  in  the  presence  of  2.  3  x  10  2  mg/ml  of  antiserum  B 
specifically  precipitable  antibody  for  3  hours.  Standardization  to  histamine, 
as  final  concentrations  x  10_e  M  1:5.71,  2:8.56,  3:11. A,  4:17.1,  5:22.8. 
Challenge  and  rechallenge  with  antigen  showing  desensitization  to  A:0.216  mg/ml 
Antigen  IV. 

B.  Gut  strin  eensit  ;  i-d  in  the  presence  of  2.3  x  10  4  mg/ral  of  antiserum  B 

(as  abo.-t-}  for  one  hour.  Standardization  to  histamine,  as  final  concentrations 
x  10  7  A..  1:1.62,  2:2.1.,  3:5.40,  4:8.1,  5.10.80.  Challenge  and  rechallenge 
show  reaction  and  desensitization  to  Antigen  IV  given  as  0.216  mg/ml  at  B. 


HISTAMINE  (moles/liter)  x  10“ 


16 


-o- 


INCUBATION  TIME  (minutes) 

Figure  2:  Time  Course  of.  Sensitization  in  Gut  Strips  as.  Exhl  bi  ted  Various  Sisters 

—  Incubation  with  3. 74  x  10  2  mg/ml  of  Antibody  A.  Challenge  with 
"  O  1.33  mg/tnl  Antigen  II. 

Incubation  with  2.30  x  10  **  mg/ml  Antibod;  B.  Challenge  with 
•-*  ™  0.216  mg/ml  Antigen  IV. 

A  Iticubation  with  2.30  x  10  4  mg/ml  of  Antibody  B.  Challenge  with 
AA  0.216  mg/ml  Antigen  VI. 
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Figure  2:  Inhibition  of  Schultz-Pale  Reaction  by  Specific  Hapten 

All  tissues  were  sensitized  by  Incubation  with  3.74  x  10  2  mg/ml  Antibody  A  for. 3  hours. 

First  Row:  Control.  Standardizations  with  histamine  as  shown.  Positive  reaction 
to  Antigen  III-2  followed  by  desensitization  to  same  dose.  Re-test  with  histamine, 
shoeing  no  decline  in  reactivity. 

Second  Row:  Hapten  III-2,  5  mg/ml  added  immediately  after  preliminary  standardization. 

No  reaction  to  hapten  alone.  Reaction  to  Antigen  in  presence  of  hapten  is  of  decreased 
magnitude  and  velocity  with  respect  to  control. 

Third  Row:  Hapten  III-2,  8  mg/ml.  This  set  shows  very  weak  response  to  Antigen  II1-2  in 
the  presence  of  hapten.  Sensitivity  to  histamine  not  impaired  by  inhibition  and 
challenge  procedures. 


Minutes  After  Challenge  with  Antigen 


Figure  4:  Time  Course  of  Histamine  Release  From  Hearts  Sensitized  with  Vario 
Concentrations  of  Antibody  B  and  Challenged  with  A  Constant  Dose  o_ 
Antigen  IV 
Antibody  B: 

.....  _  2.3  x  10  5  mg/ml 
.  4.6  x  10  5  mg/ml 
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Several  distinct  problems  are  being  prosecuted  under  each  category.  Tetanus :  The  noi 
spasmogenic  factor  in  tetanus  toxin  produces  a  stimulation  of  miniature  end  plate 
potentials  in  skeletal  muscles.  Chromatography  on  Sephadex  G-200  gave  3  major  peaks. 
The  yields  of  repeated  runs  were  separately  pooled.  No  appreciable  MEPP  activity  was 
found  in  the  first  2  peaks  but  appeared  to  be  concentrated  in  Peak  III,  which  had  n< 
lethal  activity.  This  peak  had  only  one  antigenic  determinant  and  gave  a  Svedberg 
coefficient  of  2.  All  of  the  lethal  toxicity  of  the  parent  was  quantitatively  recov¬ 
ered  in  Peaks  I  and  II  which  contained  5J3  and  4_S  molecules,  respectively.  The  MEPP 
materia.1  accounted  for  only  7%  of  the  total  protein  of  the  starting  material. 
Streptolysin:  Streptolysin  0  gives  a  double  insult  to  the  heart,  one  of  these  is 
reversible,  and  is  due  largely  to  the  output  of  acetylcholine,  while  the  other 
appears  to  be  more  severe  and  leads  to  the  release  of  K1*2.  Sea  Urchin  Toxin:  The 
crude  pedicellarial  toxin  of  Tri.pneustes  gratilla  obtained  from  1,000  specimens  in 
1966  and  2,000  specimens  during  1967  was  variously  fractionated,  and  the  fractions 
further  purified  by  chromatography  on  Sephadex.  The  enzymological  properties  of 
these  materials  were  studied.  The  kinetics  of  the  reaction  system  with  respect  to 
whole  plasma  and  to  its  pseudoglobulin  fractions  are  of  a  complex  order  owing  to 
(1)  "natural"  kinin  formation  of  the  substrate,  (2)  to  the  inactivation  of  the 
reaction  product  (and  of  synthetic  bradykinin)  by  the  toxin,  and  (3)  to  the 
existence  of  more  than  one  enzyme  in  the  "purified"  material.  Present  studies  show  t 
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Ragweed :  Rabbit  anti-ragweed  conferred  passive  sensitivity  on  cardiac  and 

intestinal  tissues  of  the  guinea  pig.  The  degree  of  sensitization  was  shown  to 
depend  on  the  [AB]  in  the  bulk  phase.  For  a  constant  degree  of  sensitization 
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y-giobulin  was  demonstrated. 
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